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Fig.1. (top) The particle acceleratorring at CERN
(bottom) The ATLAS detector at the LHCin CERN.
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Our goal is to design and test a telescope for characterization of
small-scale prototypes for the ATLAS upgrade
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In MT6.1B Enclosure

Fig. 2. Telescope at the MT6 Test
Beam Facility at Fermilab. It consists
of six planar silicon pixel detectors
with the Device Under Test (DUT) in
between.

Picture by Dr. Vallary Bhopatkar
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* Each plane has four
hybrid silicon sensors
* Pixel size: 250%50
um?
* Pixel array: 80x336,
colXrow

e Each sensor is attached
to a FE-14 chip using
bump-bonding
technique.

* We only use one of
the four chipsduring
data-taking.
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Fig.3. Picture showing the insides of
a detector plane. Picture by Dr.
Vallary Bhopatkar
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* Triggering and data-collecting
happens in the HSIO (High Speed
1/0) board

* RCEs (Reconfigurable Cluster
l/O channels
Elements) used to store and o TN, [Wsiom
transmit data from individual = == - pEaiie o el
telescope planes (18 /0 seievo 2
channels to read data from
each plane separately)

* CalibGui/CosmicGuiis the RCE ik |
software used for data acquisition Sy | | TR e liier 2

* Trigger planes connected to HSIO e —

e Currently triggering on two Fig. 4. Picture showing the HSIO board (bottom) and its

: connections (top) (%
planes (first and last)

DTM
Console
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* Most chipswere not
functional at room
temperature

* Possible causes include:

* Poorly
manufactured chips
i.e.issues with bump
bonding

* Noisy pixels foundin =
the sensors
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Results after cooling setup

* Three telescope planes were
recovered after coolingthe chips i fi ==
to 12°C / -

* Planes cooledin a thermal
enclosure using the JULABO
chiller

 Temperature monitored over
time remotely

* Nitrogen/dry air was pumped Y Fermilab
into the enclosure to manage N setup
humidity | =

=2 Fig. 6. (top) Telescope
plane placed in the
chiller during testing.
(bottom) Telescope
planein the test beam
cooled further by
copper tape and afan
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Bad Pixels Module 94220425 at A1-1 |
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Fig. 7. Plots from a threshold scan before
(left) and after (right) cooling. Top left:
Bad pixels 2D plot. Top right: Hits per bin
vs. scan point. Bottom: Threshold
distribution 1D plot. All plots made in
CalibGui.
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Hits per bin Mod 94220425 at A1-1

Hits per bin Mod 94220425 at A1-1
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Simulation results:

e Simulation of the spatial
resolution of the telescope
using Allpix?,a Geant4-
based software developed
by CERN

* Current pixel size is on the Porel____pane2, o
order of 25050 um. S .

* Pixel size determinesthe Al Blue ines re resonstructed beam tracks
resolutioni.e smaller pixel DUT is tilted by 15 degrees about the X axis. [!
size->better resolution

* Efforts to reduce pixel size
by tilting the planes

6/10/2019 Spoorthi Nagasamudram | New Perspectives 1o
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Fig. 10. Simulated Y residual plot for vertical plane (left) and a plane that s tilted by 15
degrees about the X axis. Made using Allpix2. []

* Residual:distance between the coordinates of the actual pixel
hit(in this case, it is the cluster position which is determined by
the center-of-gravity position of the pixels in the cluster) and
that of the reconstructed track

 Width of the distributiondetermined by the spatial resolution
Pixel pitch

V12

* Theoretical widthisgiven by: o =
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* Spatial resolution depends A I
on clustering of pixels, c I
mainly the clustersize i.e.
number of pixels per cluster
* Clustersize dependson tilt R
angle, it increases with tilt
a n gl e 40 Relationship between DUT tilt angleand cluster size
* Optimal cluster size for
tracking is between 1 and 2 .
pixels per clusteri.e. 15 c I
degrees I
Fig. 9. Top: Simulated plot of ° o le !
resolution (um) versus tilt angle
(degrees) %2
Bottom: Simulated plot of cluster 00— T " o o

size vs tilt angle DUT tilt angle in degrees
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* The ANL telescope can lead to detector characterization for the
ATLAS upgrade

* Testing of the silicon pixel detectors showed malfunction at
room temperatures. However, they showed better performance
upon coolingto lower temperatures

* Pixel size of the telescopeis on the order of 25050 um. It can
be improved by tilting the telescope

e Future work involvestaking data with the test beam and
comparing the spatial resolution to the simulated results
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